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INTRODUCTION 
It has been suggested that every perception of a stimu­
lus item leaves a neural aftereffect or memory trace. The 
trace gradually fades unless it is repeated. Repetition and 
rehearsal strengthen the trace by involving and changing ad­
ditional neural mechanisms. Hebb (1961) distinguished two 
memory traces. The activity trace was described as a 
reverberatory activity which does not lead to change in the 
neural circuits involved. The more permanent structural 
trace refers to a change in neural units which persists be­
yond the temporary reverberatory activity caused by stimulus 
presentation. 
The distinction of a temporary activity trace caused by 
reverberatory aftereffects of a stimulus led to the concept 
of a temporary, short-term memory (STM) as distinct from a 
more permanent structural trace, or long-term memory (LTM). 
Thus, the STa-LTM distinction was originally made on the 
basis of hypothetical neural activity. STM was regarded as 
an activity mechananism excited by a single stimulus presen­
tation. Repetitions of an experience led to a relatively 
permanent structural change among involved neurons. New stim­
ulation, however, might disrupt STM patterns and replace 
older information unless it had been consolidated in LTM 
(Brown, 1964; Hebb, 1961). 
Other distinctions, less dependent on hypothetical 
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neural activity, have been described: 
STM coding is acoustic, LTM coding is semantic (e.g., 
Baddeley & Dale, 1966; Conrad, 1964; Kintsch S Buschke, 
1969); 
There is a single memory, but multiple retrieval mecha­
nisms, with cues for STM retrieval based principally on 
temporal factors ("the last item") and LTM retrieval de­
pending on stimulus meaning (Tulving, 1968); 
Hippocampal lesions disrupt LTM processing but not STM 
(Milner, 1967) ; 
Rehearsal is required to prevent information loss by 
decay from STM but not LTM (e.g., Broadbent, 1957, 1963; 
Peterson & Peterson, 1959). 
Most widely-referenced are the information-processing 
models proposed by Haugh and Norman (1965) and Atkinson and 
Shiffrin (1968). According to Waugh and Norman's model, in­
formation enters a primary or short-term memory (STM). The 
STM duration is limited; if information in STM is not 
rehearsed, it is quickly forgotten. Rehearsal maintains in­
formation in STM and plays a role in processing information 
into permanent secondary or long-term memory (LTM), "as 
though rehearsal transferred a recently perceived verbal item 
from one memory store of very limited capacity to another 
more commodious store from which it can be retrieved at a 
much later time" (Waugh & Norman, 1965, p. 92). STM is lira-
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ited in capacity, such that once filled, new items enter STM 
by displacing old items, and displaced information is lost 
from memory. Moreover, recalling or responding has the same 
effect on the limited capacity STM, i.e., items a S recalls 
act to displace STM information. Recall from STM is 
effortless and complete, as from an "echo box." Recall from 
LTM is not assumed perfect. A learner is seen as filling and 
attempting to rehearse contents of successive echo boxes as a 
list is presented. Thus, information is processed sequen­
tially from STM to LTM. The two memory stores are indepen­
dent in that information may be represented in either or both 
stores, and the probability that an item is in STM is inde­
pendent of the probability it is in LTM. 
Atkinson and Shiffrin (Atkinson S Shiffrin, 1968; 
Phillips, Shiffrin & Atkinson, 1967; Shiffrin & Atkinson, 
1969) have proposed a detailed model of the memory system. 
Information is seen as entering a sensory register, in which 
information is held and very briefly processed before trans­
fer to a short-term store. The short-term store involves a 
variety of functions which might be labeled "working memory." 
Inputs to the short-term store include both new information 
from the environment through the sensory register and infor­
mation from LTM. Unattended information decays and is lost 
within 30 seconds from the short-term store, but control 
processes such as rehearsal can maintain an item in short-
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term store indefinitely. ft rehearsal buffer is contained in 
the short-term store. The buffer corresponds approximately 
to Waugh and Norman's STM; capacity is limited, new informa­
tion enters by displacing older items, and rehearsal main­
tains information in the buffer. However, although new in­
formation is processed into LTH through the short-term store, 
it does not necessarily pass through the buffer- The buffer 
is a control process which may or may not be used, and buffer 
size may vary according to the memory task at hand. Central 
to Atkinson and Shiffrin's model is the concept of control 
processes, by which Ss control the flow of information 
through memory, and the effects of the control processes on 
the buffer size. In a task such as concept learning, for 
which simple rehearsal of stimulus items would not improve 
performance, the S might spend less effort in rehearsal and 
more on other control processes, e.g., hypothesis-testing and 
evaluation of response outcomes. In a continuous paired-
associate task, the S would likely establish a maximal-sized 
rehearsal buffer. 
according to Atkinson and Shiffrin's model of STM buffer 
strategy, when the S sets up a buffer, every item enters the 
buffer until it is filled. Information is transferred from 
the buffer to LTM at a constant rate, a continuous seguential 
process. An alternative formulation of the information flow 
has been described by Bartz, Grabe, Swinton and Lohrenz (in 
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press). They propose that LTM and STM coding are separate, 
parallel processes. One STM function is essentially a se­
quential (STM to LTM) process similar to that described by 
Haugh and Norman (1965) and Atkinson and Shiffrin (1968). 
STM can also be used as a temporary store, to encode recent 
items for immediate access. This function does not take 
place continously throughout list presentation; only 
relatively recent items are stored in the limited-capacity 
STM. That is, all items receive LTM processing (coding, 
associative, organizing activities), and recent items 
additionally are encoded temporarily in STM. As a control 
process, STM information may be released to LTM or held for 
immediate retrieval. 
Several other memory models have been proposed. In gen­
eral, they are similar to those presently considered 
(Bernbach, 1970; Feigenbaum S Simon, 1962; Wickelgren, 1970) 
or specific to other problems in memory (Bjork, 1970; Greeno, 
1970; Morton, 1970). 
In general, then, two-store models suggest that informa­
tion enters a temporary, limited-capacity STM, and may be 
processed into a relatively permanent LTM. After the limited 
STM capacity is reached, new items enter by displacement. 
Rehearsal can maintain STM information, but unrehearsed 
information is rapidly lost. When a S begins recall, 
rehearsal terminates, resulting in rapid STM forgetting. In 
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free recall, Ss tend to recall most recently-presented (STM) 
items first. This "dumping" of STB items leads to the high 
recall of recent items characteristic of the free recall 
serial position curve. Recency items primarily represent 
output of STB; primacy items recalled represent LTH output. 
Results of a variety of studies have been offered to support 
such interpretations of serial position effects. 
Glanzer and Cunitz (1966) investigated variables hypo­
thesized to affect differentially primacy (LTH) and recency 
(STB). In one experiment, presentation rates were varied, 
with 3, 6, or 9 seconds per word. The slower presentation 
rates, permitting more time for LTB coding, increased primacy 
but not recency. In a second experiment, Ss recalled a list 
immediately or after delays of 10 or 30 seconds. Delays were 
filled with a counting task to prevent rehearsal. Recency 
dropped sharply after the 10-second delay and disappeared 
after the 30-second delay. This decline in recency was at­
tributed to the loss of unrehearsed STM information during 
the delay. Earlier LTB items were relatively unaffected. 
Raymond (1970) varied stimulus materials (high- and low-
freguency words and trigrams) and presentation rates (1 and 3 
seconds) in a free recall task; recall was immediate or fol­
lowing a 30-second filled delay. Delay reduced recall for 
recent items but did not affect early serial positions. 
Slower presentation rates increased primacy but not recency. 
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High-frequency words and trigrams were higher in recall than 
those of low frequency at early serial positions; recency was 
comparatively unaffected. 
Ellis and Hope (1968) reported a series of experiments 
in which they presented a series of numbers for a probe task, 
varying presentation rates and delays between presentation 
and probe. Again, slower rates enhanced performance for 
first-presented but not recent items. Delay principally 
reduced performance for recent items. Filled delays reduced 
recency more than unfilled delays. 
Lewis and Bartz (1970), in a free recall task, repeated 
words on a second list as a function of first-list serial 
position. Items repeated from early (LTM) serial positions 
showed large learning effects when repeated on a second list. 
Recent items showed little learning when repeated. The high 
initial recall of these recent items represented impermanent 
STH output. 
Craik (1970) presented 10 lists for immediate free 
recall, then asked Ss to recall as many words as possible 
from all 10 lists in a final recall. Recent items were high­
est in immediate recall but lowest on final recall. Lewis 
(1971) presented 10 lists for two immediately successive 
recalls. On Recall 1, the typical high recency effect was 
observed. There was a decline between recalls only for 
recent items. In both studies, the high recency in immediate 
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recall was attributed to STM output; the decline represented 
loss of STM information. 
although the bowed serial position curve is generally 
thought to characterize free recall (Murdock, 1962), the 
recency peak attributed to STM output is more likely to ap­
pear on later than initial trials of a multi-list presenta­
tion, In a single-list presentation (e.g., Bousfield, 
Whitmarsh S Esterson, 1958), the primacy effect equals or ex­
ceeds recency. 
In investigating effects of practice on free and serial 
recall, Dallett (1963) found an increase in recency among 
practiced Ss under free recall. However, as recency 
increased, there was a corresponding decrease in primacy: the 
primacy-recency shift did not increase recall. Raymond 
(1970) and Wing and Thomson (1965) also reported such primacy-
recency shifts in free recall. 
Interpretations of the shift have been deficient. Fre­
quently the shift is referred to as "compensatory." Murdock 
(1964, pp. 188-189) concluded that the "individual has a lim­
ited capacity for the recall of a list of items presented 
once," due to the constant rate at which information can be 
processed. Shifts in the serial position curve do not affect 
total recall because "the changes balance out; as an expres­
sion from the English fairgrounds goes, 'what you gain on the 
swings you lose on the roundabout.*" a similar suggestion in 
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terms of a limited-capacity retrieval mechanism (Tulving, 
1967, 1968) might be offered. Neither interpretation would 
explain the consistent shifts in serial position effects over 
trials. 
Raymond (1970) interpreted the shift as a strategy 
change, because the shift was accompanied by a change in out­
put order. Naive Ss tended to begin their recall with early 
items, but nearly all practiced Ss began their recall with 
recent items. 
A similar change in output order was noted by Jung and 
Skeebo (1967). They presented 12- and 24-word lists for six 
free recall trials. Word orders were either constant or var­
ied. With the same word order over trials, Ss did tend to 
recall the list in serial order, but when word orders varied 
over trials, Ss tended increasingly to begin with the last 
words presented. 
Onder serial recall conditions, S must recall items in 
the order presented. Therefore, no change in output strategy 
is possible. In Dallett's (1963) studies, there was little 
change in recall of either early or recent items with serial 
recall. Under free recall, with unconstrained output order, 
the primacy-recency shift was observed. 
If the primacy-recency shift reflects a change in the 
Ss' strategies, what is the nature of the strategy shift? If 
the recency portion of the free recall serial position curve 
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is said to represent STH output, why is STM small or absent 
on the initial trials but marked on later trials? 
It may be speculated that recency increases as experi­
enced Ss learn to use STM, They learn that if STM informa­
tion is not recalled first, it will be unavailable for later 
recall. Therefore they begin recall with STH items, increas­
ing recency. However, recalling contents of STM should not 
decrease recall from an independent, relatively permanent 
LTH. Total recall should increase over lists as LTH informa­
tion is augmented by a STM recall. Attributing the increase 
in recency simply to Ss' learning to begin recall with STM 
items offers no explanation of the accompanying decline in 
primacy and resulting lack of change in total recall over 
lists. It is possible to attribute the primacy decline to 
another factor. Perhaps proactive inhibition (PI) builds up 
in LTM, causing the primacy decline, while Ss* learning to 
use STM increases recency. If so, primacy should decline as 
number of lists presented increases, but Raymond (1970), ex­
amining such a PI interpretation, found the number of prior 
lists had little effect on primacy. 
The primacy-recency shift may occur because it is 
"easier" to recall recently-presented items. By changing 
their strategy, Ss make their recall task easier. This in­
terpretation has an intuitive appeal, but raises yet another 
question. Accordin'g to Waugh and Norman (1965) , recall from 
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STH is "effortless." Phillips, Shiffrin and Atkinson (1967) 
suggest that at recall, Ss first retrieve information from 
the STM buffer, then LTM. It is implied that Ss will begin 
their recall with easy, recent STM items, which is true of 
practiced, but not naive Ss. One might ask whether naive Ss 
simply do not begin with easy items or whether there are 
functionally few easy items to recall due to a lack of STM 
processing on the initial list. 
Data from a study by Jacoby (1971, Exp. 2) is relevant 
to this question. One 72-word categorized list was presented 
for a recognition task- The list consisted of 6 instances of 
each of 12 categories. Six additional instances of each cat­
egory were selected as distractor items for the recognition 
test. Of present interest are the outcomes from the blocked-
study and blocked-test conditions. One test condition pre­
sented the categories for recognition in the same order as 
presented on the study list- In the other test condition, 
the test categories were presented in the same order as stu­
died except the last-presented category was tested first. 
Thus, Ss in the second group could use available STH informa­
tion, but for Ss in the first group, STM information would be 
lost before the last-presented block was tested. Results 
showed Ss in the first group scored more correct recognitions 
than Ss in the second group. This recognition format at­
tempted to test recognition by presenting the test categories 
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to naive Ss as they would ordinarily be recalled by experi­
enced Ss: last-in, first-out. The naive Ss would not need to 
learn to output STH information quickly in order to use it. 
They could have used whatever STM information was available 
in recognition, but it did not increase their scores. 
Such results indicate the lack of recency on a free 
recall list reflects a lack of STH processing. It is sugges­
ted that STM is a flexible memory process which may vary 
according to the task at hand. The three experiments 
presently reported investigate STM as a control process. 
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EXPERIMENT I 
Waugh and Norman's (1965) model assumes information 
first enters SÏM, is maintained there by rehearsal or lost; 
and the information may be processed into LTM. This model 
postulates STM as an invariant memory characteristic, with 
sequential STM-LTM transfer, and would have difficulty 
explaining a lack of recency-STM under free recall condi­
tions. 
although Atkinson and Shiffrin's (1968) model assumes 
information i^s processed through a short-term store/working 
memory, the size and use of a STM buffer is considered a con­
trol process of the S. If such a strategy is adopted, the 
information flow through memory is similar to that described 
by Waugh and Norman, and the contents of the STM buffer would 
be the most recent items. However, if the testing procedure 
in a particular task did not permit the S to gain an advan­
tage by setting up and dumping the contents of a large STM 
buffer, he might then spend less effort in STM rehearsal and 
adopt a LTM coding strategy, using mnemonics such as imagery 
or verbal mediation. Therefore, STM may play a greater or 
lesser role in information processing, according to the task. 
Atkinson and Shiffrin's model has an advantage in explaining 
the primacy-recency shift in free recall. Naive Ss may use 
primarily a LTM coding strategy, with only a small STM buf­
fer. Because Ss spend less effort in STM rehearsal. 
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relatively more LTM processing takes place for the earlier 
items. The most recently-presented items may be in a buffer, 
but its contents would be few. As Ss become more familiar 
with free recall task demands, they change to a STM buffer 
strategy, maximizing buffer size. Because there are more 
items in the buffer, less information per item can be 
processed into LTM. Hence, the decline in primacy (LTM) and 
increase in recency. 
The parallel STM-LTH processing model proposed by Bartz 
et al. (in press) may also be applied, with a similar inter­
pretation, i.e., naive Ss primarily engage in LTM processing, 
but change their strategy as they become more familiar with 
free recall task demands. If early items receive LTM proc­
essing and only relatively recent items are held for immedi­
ate access in the STM buffer, then the Ss must shift their 
processing strategies at some point in the list. To do this, 
it is necessary to know something about list length, which 
would be true of experienced but not naive Ss. An experi­
enced S described such a strategy. He said that for the 
first words on a list, he "tried to make up a story." But 
for recent items, he "kind of had an idea of where the end 
was, and I just remembered them the way they were. But 
sometimes the end of the list wasn't where I thought it was, 
and I got all messed up." 
If the primacy-recency shift in serial position effects 
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over free recall trials reflects a change in Ss' control 
processes such that recency increases as STM processing in­
creases, then recall on the initial list must represent pri­
marily LTM processing. In Experiment I, Ss were presented a 
series of ten lists for two free recalls, the second recall 
immediately following the first. The brief delay and activi­
ty of the first recall would exceed STM limits, leaving only 
LTM information for the second recall. 
Method 
Materials and procedure.—Ten lists of 18 words having 
Thorndike and Lorge (19U4) A and A& ratings were presented on 
a memory drum at a two-second rate. Order of list presenta­
tion was separately randomized for each S. 
The Ss were tested individually, with oral recalls. 
They were informed that each list must be recalled twice and 
that the second recall interval would immediately follow the 
first. Both recall intervals were 30 seconds. The Ss were 
20 volunteers from introductory psychology classes at Iowa 
State University. They received course credit for participa­
tion. 
Analysis.—Serial position effects were computed for 
both recalls of each list. The input serial position of the 
first three words output in both recalls of each list was 
noted. 
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Lists were divided into segments based on serial 
position: first (SPs 1-6), middle (SPs 7-12) and last (SPs 
13-18). A Segments x Recalls x Lists analysis of variance 
was conducted on the- recall scores. 
To examine specific serial position differences between 
recalls, a difference-score was calculated. For the two 
recalls of a list, for a given item serial position, there 
are four possible outcomes: recalled both times; recalled 
neither time; recalled on first but not second recall; 
recalled on second but not first recall. The first two 
outcomes indicate no change in recall for that serial 
position and were assigned difference-scores of zero. The 
third outcome indicates a change (forgetting) between 
recalls; this was assigned a difference-score of +1. The 
fourth outcome, also indicating a change between recalls, was 
assigned a difference-score of -1. For each S and list, the 
difference-scores were regressed on input serial position. 
If there were no systematic differences between recalls as a 
function of serial position, the regression slopes would be 
zero. These regression slopes were used as elements in a 
Lists X Ss analysis of variance. 
Primacy-recency shifts over lists (trials) were examined 
by determining a primacy-recency index for both recalls of 
each list. Different serial positions reflect relative 
primacy and recency, e.g., SP-18 is most recent, SP-1 is 
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earliest. Each serial position was assigned a value as 
outlined below: 
Serial Position 1 2 3 4 5 6 7 8 9 
Value -9 -8 -7 —6 -5 -4 -3 -2 -1 
Serial Position 10 11 12 13 14 15 16 17 18 
Value + 1 + 2 + 3 +4 +5 + 6 +7 + 8 +9 
If a S recalled the word at SP-18, +9 was added to his index. 
If he also recalled SP-17, +8 was added; if he also recalled 
SP-1, -9 was added, and so on. Thus, the more negative the 
sum, the greater the primacy, and the more positive the sum, 
the greater the recency. An index of zero would indicate 
equal primacy and recency. The index was determined for each 
S on both recalls of each list. This index indicates the lo­
cation or average position of the words recalled. To the ex­
tent a S recalls many words, this index must be close to 
zero. To the extent a S recalls few words, this index may 
take extreme values. Since there was little variability in 
the number of words recalled, this index reflects mostly lo­
cation. These indexes were regressed on linear and quadratic 
coefficients. Ô primacy-recency shift would be reflected by 
a more positive index over trials. Treating each S as an in­
dependent experiment, resulting t values were combined 
according to the procedure described by Winer (1962)-
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Results 
For descriptive purposes, some global results are pre­
sented. Serial position effects are shown in Figure 1 for 
Recall 1 and Recall 2 for each list. Overall, the typical 
bowed free recall curve appeared for Recall 1, with a decline 
at Recall 2 only for recent items. On List 1, however, there 
was a large primacy effect and small recency, with little 
difference between recalls. 
The first word output in both recalls of the 10 lists is 
shown by input serial position in Figure 2. (Data for the 
first three words output in the recalls of the lists are 
shown in Appendix A.) From List 2 to List 10, the Ss tended 
to begin Recall 1 with the last words presented. For List 1, 
the pattern was different: on both recalls, Ss overwhelmingly 
began recall with the first word presented. 
The primacy-recency index showed a positive linear trend 
(greater recency over trials) for both Recall 1, (40) = 
93.324, 2 < -005, and Recall 2, xz (40) = 85.310, £ < .005. 
There was a negative quadratic trend, indicating the shift 
leveled off over trials, for both Recall 1, X^ (40) = 68.444, 
£ < .005, and Recall 2, xz (40) = 72.642, £ < .005. 
The summary of the Segments x Recalls x Lists analysis 
of variance of recall is shown in Table 1. Differences among 
segments reflected serial position effects, with highest 
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Table 1. Summary of analysis of variance of total recall. 
Experiment I. 
Source of variation Degrees of Mean F values 
freedom squares 
Recalls 
Recalls X Ss 
Lists 
Lists X Ss 
Segments 
Segments x Ss 
Recalls x Lists 
Recalls X Lists x Ss 
Recalls X Segments 
Recalls x Segments x Ss 
Lists x Segments 
Lists X Segments x Ss 
Ss 
Recalls x Lists x Segments 
Recalls x Lists x Segments x Ss 
1 32.341 44.362** 
19 0.723 
9 1.789 1.044 
171 1.713 
2 99.440 18.439** 
38 5.383 
9 1.107 3.036** 
171 0.365 
2 25.936 45.028** 
38 0.576 
18 5.906 1.848* 
342 3.196 
19 12.478 33.301** 
18 0.502 1.341 
342 0.375 
* £ < .05 
** £ < .01 
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recall for last-segment items and lowest recall for the 
middle segment. The Recall 1-Recall 2 difference and the 
Recalls X Segments interaction revealed little forgetting be­
tween recalls for first and middle segment items and substan­
tial forgetting for recent items. The overall pattern is 
clear from Figure 1. Fluctuations among segments across 
lists reflected the primacy-recency shift. Although there 
was little difference between recalls for List 1, the Recalls 
X Lists interaction showed increasing differences between 
recalls across lists (Figure 3). 
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Figure 3. Mean words recalled per segment for Recall 1 
and Recall 2, 
The increasing differences between recalls were examined 
by specific serial positions in the Lists x Ss difference-
scores analysis of variance. Results are presented in Table 
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2. The slope of the differences over trials was positive, 
indicating increasing differences due to relatively more 
Table 2. Summary of analysis of variance of slopes based 
on difference-scores. Experiment I. 
Source of variation Degrees of Mean F values 
freedom squares 
Lists 9 0.000603 1.706 
Ss 19 0.000820 2.320* 
Lists X Ss 171 0.000353 
*  2  <  . 0 5  
forgetting at recent serial positions on later lists. How­
ever, this tendency did not reach a conventional significance 
level (£ < .10). 
Discussion 
Results are generally compatible with two-store memory 
models which attribute the high immediate recall of recent 
items to output of STM information which is unavailable for 
the second recall. There was little forgetting between 
recalls for early items, which were recalled from LTH. 
On List 1, however, the high recency peak typical in 
free recall did not appear- Recall was highest for primacy 
items, and there was little forgetting between recalls at any 
serial position. Beginning with List 2, there appeared 
29 
marked recency peaks, with forgetting of recent items between 
recalls. Differences between recalls increased over lists, 
apparently due to increased forgetting for recent items, al­
though the trend did not reach statistical significance. 
The increase in recency observed over lists did not lead 
to higher recall, because primacy declined. The decline was 
not continuous, as the primacy-recency shift leveled off af­
ter three or four lists. Results are comparable to those of 
Raymond (1970) ; primacy decline as a buildup of proactive 
inhibition in LTM is rejected as an interpretation. 
The Ss usually began Recall 1 with the last word pre­
sented, the last-in, first-out pattern typical in free 
recall. This finding is consistent with assumptions of Waugh 
and Uorman (1965) and Phillips, Shiffrin and Atkinson (1967) 
that STM information is recalled first, or "dumped" prior to 
LTH retrieval. On Recall 2, the Ss began with the first word 
presented (LTM), the STM information having been lost between 
recalls. The pattern for List 1 differed sharply: the Ss 
overwhelmingly began both recalls with the first word pre­
sented, recalling in approximately serial order. 
These results suggest a lack of STM recall on the 
initial list, although evidence for STM storage can be seen 
as early as List 2. Such results are inconsistent with Waugh 
and Norman's (1965) model, which assumes STM rehearsal is in­
volved in the transfer of information to LTM, i.e., there is 
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always information in STM. 
The finding of increasing STM processing over lists is 
compatible with Atkinson and Shiffrin's model (Atkinson 6 
Shiffrin, 1968; Phillips, Shiffrin 5 Atkinson, 1967; Shiffrin 
& Atkinson, 1969). As the buffer is expanded, increasing 
recency, the amount of LTH information per item is reduced, 
decreasing primacy. According to Atkinson and Shiffrin's 
model, LTH transfer depends both on the number of items and 
their duration in the buffer. Early items have an advantage 
in that as they enter the buffer, there are relatively few 
other items already in the buffer. Early item duration would 
also be longer than that for items presented a few seconds or 
immediately before recall. Relatively less LTM information 
could be transferred for recent items than for early items. 
Recall 2 should show recent items lower than earlier items, 
i.e., a "negative recency effect" (Craik, 1970). 
The parallel processing model described by Bartz et al. 
(in press) assumes a sequential STH-LTH transfer similar to 
that described by Atkinson and Shiffrin at early serial 
positions. Recent items are held in STM for immediate 
recall. The lack of recency on List 1 may be attributed to 
the Ss' ignorance about list length. As Ss discover lists 
are too long for complete recall, and as they come to 
anticipate end serial positions, Ss can shift from LTM proc­
essing to STM holding for immediate recall. The model is am­
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biguous, however, with respect to the decline of primacy. 
There are some suggestions in the Bartz data (Exp. 3) that 
activities such as shadowing (repeating list items aloud as 
presented) facilitates STM but reduces LTH recall, perhaps by 
disrupting STH-LTM transfer for early serial positions. 
Buschke and Kintsch (1970) also observed that shadowing 
reduced recall for first-presented items in a list of num­
bers, relative to a silent reading condition, but last-
presented numbers were higher in recall. The nature of the 
STH-LTM disruption is unclear. In general, the parallel 
processing model assumes STM-LTH transfer does occur 
throughout list presentation. If activities such as 
rehearsal—essentially a STM process and facilitative to STM— 
reduce LTM, then the STM processing for recent items would 
particularly disrupt STM-LTM transfer at those serial 
positions. This model also predicts a negative recency ef­
fect on Recall 2. 
Thus, the negative recency issue is puzzling. Craik 
(1970) reported such an effect on final recall, noting that 
recency items declined to a lower level than all others. 
Negative recency has been observed in other contexts as well 
(Cohen, 1970; Craik, Gardiner S Hatkins, 1970; Ellis S 
Anders, 1969; Madigan & McCabe, 1971; Fundus, Loftus & 
Atkinson, 1970). Lewis (1971) reported no such negative 
recency, and present results do not show such effects. It is 
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possible that recalling STM items serves as a kind of presen­
tation (Lachman & Laughery, 1968), restoring some STM infor­
mation which would otherwise be lost. Craik's final recall 
was considerably delayed after first recall; in the Lewis 
studies and the present experiment, the second recall was 
immediate. 
In summary, it is suggested that the primacy-recency 
shift in free recall represents a shift in Ss* memory control 
processes. Speculation can be offered as to why the control 
processes are shifted. Recall from STM is generally consid­
ered effortless. It is likely that Ss use STM to make Recall 
1 easier. The Ss appear to attempt item rehearsal between 
recalls, but apparently items available for rehearsal are 
principally LTB items. 
The control process models described by Bartz et al. and 
Atkinson and Shiffrin are both essentially compatible with 
the observed results, A difference between these models lies 
in the nature of the STM processes postulated- Atkinson and 
Shiffrin assume continuous, automatic STM-LTM transfer. 
Bartz suggests STM information may be released for LTM proc­
essing or held for immediate retrieval. To shift control 
processes during list presentation requires some knowledge 
about list length- Many Ss do appear to anticipate the end 
of a list, as revealed by their comments; "I know when the 
end is coming and I memorize those 4"; "I tried to memorize 
33 
in a list—but it was too long—then I'd remember the last 4 
and forget the rest"; "I could say within 5 words the end 
will come"; "After the first couple of lists, I could kind of 
tell—about 20 words, right?" 
In Experiment I, all lists were the same length, and Ss 
could anticipate end positions. In Experiment II, lists of 
differing lengths were presented. 
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EXPEEIHENT II 
& free recall task is seen as one for which a STM or 
buffer strategy is appropriate, and data have indicated that 
experienced Ss use such a strategy. In typical free recall 
experiments all lists presented to Ss are the same length. 
Pollack, Johnson and Knaff (1959), in studies of running 
memory span, presented digit strings of known or unknown 
length to Ss who were required to recall the digits in 
backward order, beginning with the last digit presented. 
This task is one for which the STM buffer would be used, be­
cause Ss must continually drop out old items and enter new 
items in order to perform the task successfully. Results 
showed the running digit span for Ss in known length condi­
tions was superior to that of Ss in the unknown length condi­
tions. STM appears larger for lists of known than for 
unknown length. The analysis used by Pollack et al. did not 
consider recall of primacy (LTB) information. 
The inferior digit spans of Ss in the unknown length 
- conditions suggests they may adopt a STM buffer of less than 
maximum size. If this is so, according to Atkinson and 
Shiffrin's (1968) model, such a trade-off between buffer 
rehearsal and LTM coding strategies could result in 
relatively more primacy and less recency in serial position 
effects for such Ss, relative to Ss who knew the length of 
the list they were to recall. 
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Bartz et al. (in press) propose that STM-LTM processes 
operate in parallel, such that Ss use STB to hold items for 
LTH processing at early serial positions and additionally to 
encode last-presented items temporarily for immediate re­
trieval. According to this model, Ss who could not 
anticipate end serial positions may be less likely to 
activate the STM mechanism to code recent items for immediate 
access. This formulation could account for the inferior dig­
it span in unknown-length conditions. 
In Experiment II, lists of varying lengths were present­
ed for immediate free recall. For one group of Ss, all lists 
of a given length were presented together. For the other 
group, list lengths were scrambled unpredictably. 
Method 
Materials and procedure.—Fifty lists of words having 
Thorndike and Lorge (194U) K and KK ratings were presented on 
a memory drum at a two-second rate. There were ten lists of 
each length: 8, 12, 16, 20 and 24 words. All lists of a giv­
en length were presented contiguously in the blocked condi­
tion. List length varied unsystematically in the random con­
dition. 
The Ss were tested individually or in pairs, with writ­
ten recalls. List orders were separately randomized for each 
S or pair of Ss. Recall intervals varied according to list 
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length, with three seconds of recall per word presented. In 
the blocked condition, Ss were informed that although the 
lists to be recalled would not all be the same length, all 
lists of a given length would be presented together. In the 
random condition, Ss were informed that the lists would not 
all be the same length, but the lengths would be 
unpredictable, the order having been "mixed by the computer." 
At presentation, list lengths were not indicated, nor were 
changes in length identified in the blocked condition. 
There were 20 Ss in each condition. They were 
volunteers from introductory psychology classes at Iowa State 
University and received course credit for participation. 
None of the Ss had participated in Experiment I-
Analysis.—Serial position effects and output orders 
were noted for all list lengths in both blocked and random 
conditions. Primacy and recency indexes were also applied. 
Because of the difference in list lengths, the indexes were 
modified from that used in Experiment I. In general, primacy 
and recency effects do not extend more than three or four 
serial positions toward the middle from the ends of a list. 
The primacy index examined the first four serial positions; 
other serial positions were assigned zero value. The recency 
index examined only the last four serial positions. Weights 
were assigned as outlined below: 
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Serial Position 1 2 3 4 5 n 
Primacy Value 4 3 2 1 0 0 0 
Serial Position 1 n—4 n—3 n-2 n-1 n 
Recency Value 0 0 0 1 2 3 4 
In the blocked condition, the first list in the block of 
a given length was not scored because the Ss could have no 
knowledge about its length. This eliminated lists 1, 11, 21, 
31 and 41 of the 50 lists presented- To equalize list num­
bers, the fifth lists of a given length in the random condi­
tion were not scored. This was done to spread the unscored 
lists among the 50 presented; if the first list of a given 
length were unscored, the eliminated lists would have been 
within the first few presented. Thus, nine lists were scored 
for both conditions. 
Analyses of variance (Presentation x Length x List Num­
ber) were conducted on Ss* total recall and primacy and 
recency index scores. 
Results 
Serial position effects for all list lengths are pre­
sented in Figure 4. Typical bowed free recall curves appear 
for all lengths except the 8-word length, on which primacy 
and recency are approximately equal. 
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40 
Output order effects are presented in Figure 5 for the 
first word in Ss* recall. (Data for the first three words 
output are included in Appendix B). With random list length 
presentation, the Ss tended to begin their recalls with the 
last word presented for all list lengths, the typical last-
Table 3. Summary of analysis of variance of primacy. 
Experiment II-
Source of variation Degrees of 
freedom 
Mean 
squares 
F values 
Presentation (Près) 1 327.681 5.172* 
Ss 38 63.351 
Length 4 537,292 51.593** 
Près X Length 4 17.129 1.645 
Length x Ss 152 10.414 
List 8 9.591 0.888 
Près X List 8 11.141 1.031 
List X Ss 304 10.803 
Length x List 32 15.743 1.583* 
Près X Length X List 32 11.276 1.134 
Près X Length X List X Ss 1216 9.945 
* £ < .05 
** 2 < .01 
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in, first-out pattern. With blocked presentation, the 
tendency to begin recall with the last word presented was 
somewhat reduced, particularly at shorter lengths. For the 8 
word list, blocked Ss more often tended to recall in serial 
order, beginning with the first-presented word. 
The summary of the analysis of primacy is presented in 
Table 3. Primacy was higher for blocked than for random pre­
sentation. Primacy was highest for the shortest list and 
decreased at longer lengths, a typical finding (e.g., 
Murdock, 1962). The Lists x Lengths fluctuations were not 
consistent (primacy declined over lists for 8-, 12-, and 20-
word lengths but increased for 16- and 24-word lengths). 
The summary of the analysis of recency is presented in 
Table 4. There was no difference between blocked and random 
presentation. Recency tended to increase over lists. In the 
interaction of lists and presentation, nearly all the differ­
ence occurred on the first list, on which recency was higher 
for blocked presentation (for blocked Ss, this was the second 
list of a given length). On other lists there was little 
difference between presentations. 
The summary of the analysis of total recall is presented 
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Table 4. Summary of analysis of variance of recency. 
Experiment II. 
Source of variation Degrees of 
freedom 
Mean F values 
squares 
Presentation (Près) 
Ss 
1 
38 
14.761 
67.737 
0.218 
Length 
Près X Length 
Length x Ss 
4 
4 
152 
21.671 
4.795 
9.993 
2. 169 
0.480 
List 
Près X List 
List X Ss 
8 
8 
304 
21.303 
13.462 
6.054 
3.519** 
2.224* 
Length x List 
Près X Length x List 
Près X Length x List x Ss 
32 
32 
1216  
6.318 
5.049 
5.842 
1 . 0 8 1  
0.864 
* 2 < .05 
** 2 < .01 
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Table 5. Summary of analysis of variance of total recall. 
Experiment II. 
Source of variation Degrees of 
freedom 
Mean 
squares 
F values 
Presentation (Près) 1 374.465 4.880* 
Ss 38 76.743 
Length 4 526.047 86.223** 
Près X Length 4 23.492 3.851** 
Length X Ss 152 6.101 
List 8 10.253 2.603** 
Près X List 8 7.041 1.788 
List X Ss 304 3.939 
Length X List 32 4.147 1.147 
Près X Length X List 32 4.933 1.364 
Près X Length X List X Ss 1216 3.617 
* £ < .05 
** £  < .01  
in Table 5. Recall was higher for blocked than for random 
presentation. The total number of words recalled increased 
with increasing list length, as would be expected, but the 
increase in recall for longer lists was larger for blocked 
than for random presentation, as shown in Figure 6. 
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Discussion 
Hesults shoved more primacy (LTM) and higher recall for 
the blocked list length presentation than for the random pre­
sentation, but recency (STM) did not differ. The lack of 
difference in recency was surprising in view of the Pollack 
et al. (1959) finding of larger running digit spans for Ss in 
a known length condition than for Ss who did not know how 
long the list would be. 
Pollack's Ss were informed of the exact length of a list 
before it was presented. In the present experiment, Ss in 
the blocked condition learned about list lengths by experi­
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ence and were not informed of the exact length of any list. 
Even so, if exact list length information enhanced recall for 
last-presented items, approximate information would be expec­
ted to have a similar (if not so large) effect. Pollack's Ss 
recalled only the last-presented items. It is possible that 
Ss in the known length condition concentrated entirely on 
items they knew to be terminal, to the extend of ignoring 
early items. In the present experiment, Ss recalled from all 
serial positions, not limiting STM and LTM processing to the 
last few items. The differences in recall task reguirements 
may have led to differential strategies underlying differ­
ences between Pollack's results and those presently observed. 
The finding of equal recency with blocked and random 
list length presentation is not inconsistent with Atkinson 
and Shiffrin's model. This suggests that Ss established 
equivalent STM buffers, probably of maximum size, under both 
presentation conditions. However, if LTM transfer depends on 
number of items and duration in the buffer, then same-sized 
buffers should lead to equivalent LTM transfer. That is, if 
recency at a given length is equal for both presentations, 
primacy or recall from LTM should be equal as well. The 
finding of differential primacy and the allied differences in 
total recall is contrary to predictions of Atkinson and 
Shiffrin's model. 
The parallel processing model proposed by Bartz et al. 
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implies that efficient processing requires knowledge of list 
length in order to shift at some point from primarily STM-LTM 
coding to STM storage. The finding of equal recency would 
therefore not be expected. It is possible that blocked Ss 
initiated STM holding shortly before the terminal item was 
reached, but random Ss began STM storage at some point 
earlier in the list. Some evidence of such strategy differ­
ences may be found in the output order data shown in Figure 
5. Random Ss consistently began with the last word presented 
regardless of list length. Blocked Ss tended to begin the 
short, 8-word lists with the first word presented, a strategy 
more resembling LTM recall (viz.. Recall 2 on Experiment I) 
than a last-in, first-out STM dump. Blocked Ss, having an 
indication of how many items would be presented on a given 
list, could use STM primarily to hold last-presented items. 
If random Ss began holding information for STM retrieval 
prematurely, there would be less LTM processing and reduced 
recall throughout the list except at the most recent serial 
positions. The greater differences in total recall for long­
er lists is consistent with such an interpretation. 
Admittedly, the interpretation is speculative, but not 
difficult to test. By requiring random and blocked Ss to 
recall in serial order, both groups could be expected to be 
using principally STM-LTM coding throughout list presenta­
tion- If the presently observed differences in primacy re-
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suit from random Ss engaging in an inappropriate STM holding 
strategy, then in such a LTM task, as proposed, primacy dif­
ferences would disappear. 
In summary, presenting lists of varying lengths to Ss 
who either have knowledge of list length or who cannot pre­
dict list length affects primarily LTM recall. Recency (STM) 
was equal for both conditions. 
Equal recency was not specifically predicted by either 
Atkinson and Shiffrin's model or by Bartz's model. The find­
ing of equal recency but differential primacy is inconsistent 
with Atkinson and Shiffrin's sequential information process­
ing model, which would assume equal LTM transfer if STM buf­
fer size and number of items presented were equal. Equal 
recency is contrary to the parallel processing model, which 
assumes STM holding only for recent items; however, if the 
equal recency reflects premature STM holding by random Ss, 
the differential primacy and higher recall for blocked Ss 
would be consistent with the model. 
In Experiment II, Ss were instructed that list lengths 
would vary and they could develop memory strategies 
accordingly. It is possible that such strategies are some­
what different from the typical free recall strategy in which 
there is no uncertainty about list length. In Experiment 
III, lists of varying length were presented to Ss who did not 
expect list lengths to change. These Ss would likely develop 
U9 
a consistent strategy. Information about the nature of such 
a strategy may be gained from observing results when a 
consistent strategy is applied to inconsistent lists. 
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EXPERIMENT HT 
According to Atkinson and Shiffrin's (1968) model of the 
STM rehearsal buffer, when a S uses the buffer, every item 
enters the buffer until it is filled. Later-presented items 
enter by displacing earlier items. If a given length exceeds 
buffer capacity (usually considered no more than 7 items), 
then the recency effect should be independent of list length, 
because the Ss simply dump current STM buffer contents 
whenever the recall signal is given. The serial position 
curves reported by Murdock (1962), showing identical recency 
peaks for lists ranging in length from 10 to 40 words, sup­
port such a position. 
However, if information receives STM and LTH processing 
in parallel (Bartz, et al., in press), then Ss must shift at 
some point in the list from LTH coding to LTH coding plus STM 
coding. 
In Burdock's (1962) experiment, six lengths were stu­
died, but any one group of Ss received only one length. In 
Experiment III, Ss were practiced on 16-word lists. At in­
tervals, shorter and longer lists were presented. If every 
items enters the buffer in sequence, then recency (STM buffer 
contents) should be equivalent for practiced and unexpected 
list lengths. Primacy would increase for the shorter lists 
because fewer items would have entered the buffer, enabling 
more LTM processing for each item. If, however, STM coding 
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is used primarily for recent items, then recency would be 
diminished for the shorter lists. The signal to recall would 
have preceded most STM processing. Primacy would be 
unaffected. 
The Bartz model predicts negative recency in LTM tests 
of items held for immediate STM retrieval. Madigan and 
McCabe (1971), in paired-associate probe studies, have also 
suggested that LTM processing for the terminal list item is 
virtually suspended, leading to the negative recency effect 
observed in their studies when testing of terminal items was 
delayed. In the present experiment, Ss can be presumed to 
expect all lengths to be egual, but shorter and longer lists 
will be presented. According to the Bartz model, Ss will 
begin holding STM items for immediate recall shortly before 
the list ends. Thus, there may appear a dip in the serial 
position curve at the positions Ss anticipated would be ter­
minal. There would have been no immediately previous recall 
potentially to buoy recall of such unprocessed items, as in 
Experiment I. The Atkinson and Shiffrin model predicts nega­
tive recency in LTH tests of last-presented items (which had 
been in the buffer only briefly) and would not predict nega­
tive recency for items at "expected" end serial positions. 
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Method 
Materials and procedure.—Lists of Thorndike and Lorge 
(1944) A and A& words were presented on a memory drum at a 
two-second rate. The standard list length was 16 words. 
Test lengths were 8, 12, 20 and 24 words. Of 45 lists pre­
sented, lists 11, 22, 33 and 44 were test lists. 
Four lists were prepared for each test length. All 
permutations of test length orders were used (12-8-24-20, 24-
8-20-12, etc.) and standard lists were randomized for each 
permutation. Each permutation was presented to at least one 
S, but no more than three Ss. Thus, each S recalled 41 
standard 16-word lists, and one of each of the 4 test length 
lists (haphazardly chosen from the four lists prepared for 
that length). Test lists were not identified during presen­
tation. 
The Ss were tested individually or in pairs, with writ­
ten recalls. Recall intervals were determined according to 
list length, with three seconds of recall per word presented. 
The Ss were given no information about list length. The Ss 
were 45 volunteers from introductory psychology classes at 
Iowa State University. They received course credit for par­
ticipation. None had participated in Experiment I or Experi­
ment II. 
Analysis.—Serial position effects and output orders 
were determined for test lengths and for the standard list 
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which had immediately preceded the 20-word lists. This list 
was considered representative simply because it followed nine 
other standard lists, enabling Ss to develop a consistent 
strategy (any pre-test list would have been suitable). 
Primacy and recency indexes like those described in Ex­
periment II were applied to the test lists and the "pre-20" 
standard list. Lists x Ss analyses of variance examined 
primacy, recency and total recall for these lists. 
Serial position effects and output orders for test lists 
were contrasted with lists of the same length in the blocked 
condition of Experiment II. The blocked presentation would 
have enabled development of a consistent strategy of recall 
for a given length; these serial position effects compare re­
sults for practiced and unexpected lists of the same length. 
Results 
Serial position effects for test and Experiment II com­
parison lists are shown in Figure 7. Recency peaks for test 
lists equal or exceed those for same-length blocked lists, 
but primacy is lower, particularly for the 8-word lists. 
Serial position effects for the first and last four serial 
positions of test and standard length lists are shown in Fig­
ure 8. Both primacy and recency are approximately equal 
across list lengths. 
The first word output is recall is shown by input serial 
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position in Figure 9. (Data for the first three words out­
put are included in Appendix C.) As in Experiment II, the 
Table 6. Summary of analysis of variance of primacy. 
Experiment III (test and standard lists). 
Source of variation Degrees of Mean F values 
freedom squares 
Length 
Ss 
Length x Ss 
4 23.960 2.344 
44 17.871 1.755** 
176 10.180 
* *  £  <  . 0 1  
Table 7. Summary of analysis of variance of recency. 
Experiment III (test and standard lists). 
Source of variation Degrees of Mean F values 
freedom squares 
Length 4 7.204 1.048 
Ss 44 10.474 1.525* 
Length x Ss 176 6.870 
* £ < .05 
largest difference between output orders for test 
(unexpected) and blocked lengths appears in the 8-word list. 
Although blocked Ss tended to recall 8-word lists in serial 
order, beginning with the first word presented, test Ss 
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recalled this list like the longer lists, tending to begin 
with the last word presented. 
Results of the three lists x Ss analyses of variance of 
primacy, recency and total recall for the test and standard 
lists are shown in Tables 6, 7 and 8. For primacy and for 
recency, there was no significant effect of list length. To­
tal recall, as would be expected, was higher for longer 
lists. 
Table 8. Summary of analysis of variance of total recall. 
Experiment III (test and standard lists). 
Source of variation Degrees of Mean F values 
freedom squares 
Length 
Ss 
Length x Ss 
** 2 < .01 
4 86.004 
44 9.592 
176 3.157 
27.246** 
3.039** 
Discussion 
Results indicated no significant differences in primacy 
or recency between standard, 16-word lists and test lists of 
8, 12, 20 and 24 words. 
With respect to primacy, it is surprising that recall of 
early LTH items was equivalent regardless of how many items 
followed them. Early items on short lists apparently 
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received the same amount/kind of STM-ITM processing as did 
early items on longer lists, as Ss expected all lists to be 
the same length. This finding is consistent with the paral­
lel processing formulation of the Bartz model, but contrary 
to expectations of the Atkinson and Shiffrin model. The 
latter model predicts higher primacy on shorter lists due to 
higher probability of ITM retrieval for items on shorter 
lists with less information stored for other potentially com­
peting items. 
The finding of equal recency, consistent with Atkinson 
and Shiffrin*s model, is contrary to the Bartz model, which 
predicted less recency for shorter lists. The parallel proc­
essing formulation is not specific as to how near the end of 
a list processing is shifted from STM-LTM transfer to STH 
holding. Halfway through a list (after 8 words of an expec­
ted 16) is probably earlier than Bartz et al. would expect, 
although random Ss in Experiment II also used the last-in, 
first-out recall pattern for 8-word lists as observed in the 
present experiment. 
Negative recency predictions (regarding recall on longer 
lists at anticipated end serial positions) are hard to evalu­
ate. On the 20-word test list, there appears a slight drop 
at SP-16; on the 24-word test list, SPs 15, 16, and 17 also 
appear lower. Recall for these items is neither so low as 
predicted from the parallel processing model, nor as 
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consistent with other middle items as expected from the se­
quential model. 
The finding of equivalent primacy on standard and test 
lengths supports predictions of the Bartz model but not the 
Atkinson and Shiffrin model. The Bartz model is not specific 
as to exactly how Ss* expecting lists of equal length leads 
to equivalent LTH processing for the early-presented items in 
lists of different length, but the results are straightfor­
ward. However, the finding of equivalent recency is 
consistent with Atkinson and Shiffrin but not Bartz et al. 
The evidence regarding negative recency predictions is not 
clear cut. In summary, results of the present experiment do 
not weigh heavily for either model, but must be considered 
together with results of the other experiments. 
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CONCLUSION 
Taken as a whole, the results of the three experiments 
indicate that STH is not an invariant memory characteristic, 
as a control process, STM varies with tasks and apparently 
with the Ss* perceptions of the tasks and their strategies. 
Such results are contrary to the memory model proposed by 
Haugh and Norman (1965), which assumed LTM transfer related 
to STH rehearsal. This model is inconsistent with the lack 
of STM recall on the initial list of a multi-list presenta­
tion (Experiment I). Differences in primacy as a function of 
different list lengths would not be contrary to the model, 
but it is difficult to incorporate primacy differences as a 
function of knowledge of list length (Experiment II) or equi­
valent primacy for shorter and longer lengths as Ss expected 
an intermediate length (Experiment III) . 
Control process models proposed by Atkinson and Shiffrin 
(Atkinson & Shiffrin, 1968; Phillips, Shiffrin & Atkinson, 
1967; Shiffrin S Atkinson, 1969) and by Bartz et al, (in 
press), because of their greater flexibility, better explain 
the results observed in the three experiments. 
Atkinson and Shiffrin's model can account for the 
primacy-recency shift in free recall and the lack of STM out­
put of the initial list as a change in Ss' memory control 
processes. As Ss expand STH buffer size, less LTM informa­
tion can be transferred for each buffer item. As the buffer 
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is increased in size, STM-recency increases but LTM-primacy 
decreases (Experiment I). Given that a buffer strategy is 
used, each item is assumed to enter the buffer in a sequen­
tial process. Information transfer to LTM is considered au­
tomatic so long as the item is in the buffer. Recency is 
thus independent of list length. At recall, Ss dump STM buf­
fer contents and then recall from LTM. The formulation ac­
counts for the equal recency observed between blocked and 
random list length presentations but would predict that if 
buffer size is equal (reflected in equal recency between pre­
sentation conditions), then LTH information transferred for a 
list of a given length would also be equal. The prediction 
is contrary to the greater primacy and total recall observed 
with blocked presentation (Experiment II). The prediction of 
equal recency for expected and unexpected list lengths be­
cause of the sequential STM-ITM transfer is supported. Be­
cause probability of recalling a given item from LTH is 
reduced as amount of information stored for other items in­
creases, primacy is expected to decline as list length in­
creases. Equal primacy with varying lengths is inconsistent 
with such a formulation (Experiment III). 
Bartz et al. attribute the lack of STM recall on an 
initial free recall list to Ss' failing to hold information 
for immediate STM retrieval. As a control process, STM in­
formation may be released for LTM processing or held in STM. 
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The model appears ambiguous with respect to the decline in 
primacy with presentation of additional lists. There is a 
speculation that STH processes (e.g., rehearsal) disrupt STM-
LTM transfer at early serial positions, but the nature of 
such disruption is unclear (Experiment I). The finding of 
equal recency for blocked and random list length presentation 
was not predicted by the model. It was speculated that ran­
dom Ss initiated STH holding prematurely, resulting in 
reduced STH-LTB transfer (lower primacy), although recency 
would then be equal. Random Ss tended to begin recall with 
the last word presented regardless of list length. On the 
shortest lists, blocked Ss tended to begin with the first 
word presented, a strategy more typical of LTM recall than a 
STM dump. The different output strategies were consistent 
with the speculation offered, but do not require it 
(Experiment II). Equal recency for expected and unexpected 
list lengths—particularly shorter lengths—is contrary to 
the parallel processing model, which predicted less recency 
for shorter lists because the signal to begin recall would 
have preceded most STH holding. The finding of equal primacy 
for expected and unexpected list lengths is consistent with 
the model. Early items were processed on unexpected length 
lists as on the expected lengths. In terms of this cognitive 
model, it might be said that early items on, for example, the 
8-word list, were processed as if they were on a 16-word 
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list. The model has not described the "as if" parameters, 
but it will be interesting to investigate how the 8 words 
which were expected but not forthcoming seemed to affect 
recall for first-presented words as much as the 8 words which 
actually did follow on the 16-word list. 
Neither of the control process models accounts complete­
ly for the results of all three experiments, à modification 
of the parallel processing model may be suggested. The as­
sumption that the processing shift takes place immediately 
preceding terminal items implies the Ss have a fairly accu­
rate knowledge of list length. It is recognized that the Ss 
do anticipate list ends, but their notions of list length are 
not exact. In Experiment III, most Ss remarked they had 
noticed a very long list and a very short list mixed in with 
the standard lists, but the intermediate shorter and longer 
lists were not mentioned. In Experiment II, the Ss recog­
nized three list lengths (short, medium and long) and were 
surprised to find there had actually been five lengths pre­
sented. 
It is possible that there is a shift from STM-LTM proc­
essing to STM holding as described by Bartz, but that the 
shift takes place much earlier in the list. That is, the Ss 
begin STM holding not n items before the end of the list, but 
after m items have been presented. The Ss process as many 
items into LTH as possible, "grabbing a mindful" (Haugh, 
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1961, p. 501) , and then attempt to hold following items in 
STM. STM may be a temporary overload store in that list 
items are ordinarily presented too rapidly for all to receive 
complete LTM processing, and the S may use STH as a heuristic 
to enable recall of some later-presented items even though he 
recognizes he will not recall them all. 
If the Ss do shift memory processing strategies at some 
point in the list, parameters of the shift might be investi­
gated. By presenting a series of moderate-length lists in 
which the last 5 items were underlined, an underlined word 
could signal precisely when to begin holding items in STM for 
an immediate retrieval. The Ss would not have to guess about 
list length. If, however, STM holding begins after a certain 
number of items have been presented, identifying end words 
would not affect STM holding. On a short test list (as in 
Experiment III, a list shorter than expected) , recency (STH) 
would be reduced if STH holding relates to anticipated end 
points. Recency would be equal to the practiced length if 
STM relates instead to the number of items presented and LTM 
processing for these items. Similar predictions might be 
made for an unmarked moderate-length list, but the Ss could 
reasonably be expected to notice a lack of marking after a 
relatively large number of unlined items. Introducing a var­
iable of uncertainty may have other effects on primacy which 
will be discussed later. 
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From the primacy data in Experiment I, it is clear that 
the Ss' expectancies are extremely important in LTM process­
ing. Most notably for the 8-word lists, it appeared that 
expecting additional words reduced recall of words actually 
presented relative to a condition in which only 8 words were 
expected and presented (Experiment II). ftn opposite effect 
might be observed if Ss were practiced on a short, 8-word 
list and tested on a 16-word list. To an extent, this was a 
result in Experiment III; primacy for 24-word lists was lower 
than that for 16-word lists, but not significantly. Again, 
introducing uncertainty by presenting a list longer than an­
ticipated may affect primacy. It is difficult even to specu­
late about how expectancies affect memory. Perhaps the Ss 
are attempting to divide their processing attention among 
items they anticipate. On an initial list in a multi-list 
presentation, the Ss may devote considerable processing 
attention to early items. On subsequent lists, there may be 
less processing for early items as the Ss anticipate a large 
number of items to be processed (the primacy-recency shift). 
Uncertainty about responding or recall conditions ap­
pears to be a variable which, like presentation rate and 
stimulus meaningfulness, affects LTH but not STM. The effect 
is reflected in the blocked-random primacy differences 
(Experiment II). The longer test lists (Experiment III) 
showed lower primacy than the equal-length blocked lists 
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(Experiment II), perhaps a function of the Ss' uncertainty 
about the unexpected list lengths. Uncertainty may disrupt 
STM-LTH transfer by the Ss' attempts to code information for 
more than one output strategy, perhaps with more than one set 
of cues to retrieve the information (after Tulving, 1968). 
It is likely that such multiple coding requires more process­
ing attention than coding under certainty conditions. If, as 
presently suggested, the Ss use STB as temporary overflow 
storage, they may have to begin STH storage earlier in the 
list as items cannot be processed into LTH. 
Such a formulation can account for the differential 
primacy in Experiment II: uncertainty reduced LTM. There is 
equivalent primacy in Experiment III because the Ss, process­
ing items under certainty conditions, shift to STH-overflow 
storage at approximately the same point in all lists. On a 
shorter list than expected, the Ss are able to recall perhaps 
the last item or two, being held for LTM processing, and the 
earlier items already processed into LTM. They cannot go 
back, so to speak, and reprocess to gain additional LTM in­
formation. 
The equivalent primacy for different-length test and 
standard lists in Experiment III. is strong evidence for the 
shift in memory processing proposed in the Bartz et al. par­
allel processing model. Results from all three experiments 
suggest that more cognitive variables are involved in memory 
69 
processing than suggested by Atkinson and Shiffrin, although 
their control process model includes some critical variables. 
The Bartz model has an advantage in its ambitious attempt to 
include potent cognitive variables of uncertainty and the Ss* 
expectancies in STM and LTM processing. If the shift from 
STM-LTM coding to STM holding reflects an overflow of LTM 
rather than an anticipation of list end, as presently sugges­
ted, equal recency for different and unexpected length lists 
would not be contrary to the parallel processing model. Ad­
ditional exploration is required for identification of param­
eters for these variables, enabling more precise examination 
of memory processes. 
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APPENDIX A 
Table 9. Input serial position for the first three words recalled in 
Recall 1 and Recall 2, Lists 1-10. 
Input Serial Position 
1 
1 1 
1 
2 
1 
1 3 
av. 1 
4-151 
1 
1 
16 1 
1 
17 18 
List 
1 
1 Recall 
1 
1 1 
1 
1 1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
.60 1 
.05 1 
. 00 1 
1 
. 00 
. 35 
.10 
f 
1 
1 
1 
1 
.00 
.05 
.10 
.01 1 
.03 1 
.04 1 
1 
.05 1 
.05 ! 
.05 1 
1 
.00 
.05 
.05 
.15 
.00 
. 10 
1 
1 Recall 
1 
1 
1 
2 1 
1 1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
.70 1 
.00 1 
.00 1 
1 
.00 
.45 
.05 
\ 
1 
1 
1 1 
.05 
.05 
. 10 
.01 1 
.03 1 
.05 1 
1 
.00 1 
.00 1 
. 10 1 
.00 
.00 
.00 
.05 
.00 
,00 
List 
1 
1 Recall 
1 
o 1 
1 
1 
1 1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
.15 1 
. 10 1 
. 10 1 
1 
.05 
. 10 
.10 
1 
1 
1 
1 
.00 
. 10 
.15 
.02 1 
.02 1 
.03 1 
1 
.00 1 
. 10 1 
.05 1 
1 
.20 
.05 
.20 
.30 
.25 
.00 
1 
1 Recall 
1 
1 
1 
2 1 
1 1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
.35 ! 
.05 1 
. 10 1 
1 
. 10 
.20 
.05 
1 
1 
1 
.00 
.15 
.05 
1 
.02 1 
.02 1 
.04 1 
1 
.00 \ 
.10 1 
.05 1 
1 
.15 
. 10 
.10 
.05 
.10 
.05 
List 
1 
1 
1 Recall 
1 1 
1 
1 
1 1 
1 1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
. 10 1 
.00 1 
.05 1 
1 
.00 
. 20 
. 00 
1 
1 
1 
1 
.05 
. 00 
.10 
.03 1 
.03 1 
.04 j 
.05 j 
. 15 1 
. 15 1 
1 
. 10 
. 10 
.20 
.30 
.15 
.00 
1 
1 Recall 
1 
1 
1 
2 1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
. 20 1 
. 10 1 
. 15 1 
. 15 
.10 
. 10 
1 
1 
1 
1 
.05 
.00 
. 10 
.03 1 
.05 1 
.03 1 
. 10 1 
.05 1 
.05 1 
.05 
.05 
.05 
.05 
.05 
.15 
Table 9 (Continued) 
Input Serial Position 
i i 
1 1 1 
1 1 
2 3 
av. 
4-15: 16 
1 
1 
1 
17 18 
List 
1 
1 Recall 
1 
fl 1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 1 
1 .15 1 
1 .05 1 
1 .05 1 
1 1 
. 00 
. 10 
.00 
.00 
.05 
.25 
.02 1 
.03 1 
.04 1 
.15 
.05 
.15 
1 ' 
1 
1 
1 
.20 
.25 
.00 
.25 
.15 
.10 
1 
1 Recall 
1 1 
2 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 .40 1 
1 .05 1 
1 .00 1 
1 1 
.05 
.20 
.00 
. 10 
.25 
. 15 
.03 1 
.03 1 
.04 1 
.05 
.05 
. 15 
1 
1 
1 
.00 
.00 
.10 
.05 
.00 
.00 
List 
1 
1 
1 Recall 
1 
R 1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 1 
1 . 1 0  1 
1 .00 1 
1 . 1 5  1 
1 1 
.05 
.05 
.05 
.05 
.00 
.05 
.01 1 
.03 1 
.04 1 
.10 
. 10 
.00 
\ 
1 
1 
1 
.15 
.25 
.10 
.40 
.20 
.15 
1 
1 Recall 
1 
2 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 1 
1 .20 1 
1 .15 1 
1 .10 1 
1 1 
. 15 
.20 
.05 
.00 
.10 
. 10 
.05 1 
.04 1 
.05 1 
.00 
.00 
.00 
1 
1 
1 
1 
.00 
.10 
.05 
.10 
.00 
.00 
List 
1 
1 Recall 
1 
fi 1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 . 1 5  1 
1 .05 1 
1 .05 1 
1 1 
.05 
.15 
.05 
.00 
. 00 
. 30 
.03 1 
.03 1 
.01 1 
. 10 
.10 
.05 
t 
1 
1 
1 1 
.20 
.20 
.15 
.15 
.20 
.20 
1 
1 Recall 
1 
2 
Output 
Output 
Output 
Word 
Word 
Word 
1 
2 
3 
1 4 
1 .30 1 
1 .00 1 
1 .05 I 
.10 
.25 
.00 
.20 
.20 
. 25 
.03 1 
.03 1 
.03 1 
.05 
.00 
.05 
t 
1 
1 
1 
.00 
.10 
.00 
.05 
.00 
.10 
Table 9 (Continued) 
Input Serial Position 
1 
1 1 
1 
1 
2 1 
1 
1 
3 1 
. 1 
av. 1 
4-151 16 
1 
1 17 18 
List 
1 
1 Recall 
1 
7 1 
1 
1 1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
1 
. 10 
. 10 
. 05 
.00 1 
.05 1 
. 10 1 
1 
.00 1 
.00 1 
.05 i 
1 
1 
.02 1 
.02 1 
.03 1 
1 
. 20 
.20 
.05 
1 
1 
1 
1 
.05 
. 30 
. 15 
.45 
.05 
.20 
1 
j Recall 
1 
1 
1 
1 
2 1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 ( 
3 1 
1 
. 40 
.05 
.00 
-10 1 
.25 1 
.00 1 
.00 1 
. 10 \ 
.20 1 
• I 
.02 1 
.04 1 
.05 1 
1 
.15 
.15 
.05 
1 
1 
1 
1 1 
.00 
.00 
. 05 
.10 
.00 
.05 
List 
1 
I 
1 Recall 
1 p 1 
1 
1 
1 1 
1 1 
Output 
Output 
Output 
Word 
Word 
Word 
r 
1 1 
2 1 
3 1 
1 
. 10 
.05 
.00 
1 
.00 1 
.05 1 
.10 ! 
1 
.05 1 
.00 I 
.05 1 
1 
.02 1 
.03 1 
.03 1 
I . 
. 15 
.10 
. 15 
1" 
1 
1 
1 
. 10 
.25 
. 10 
. 35 
.20 
.15 
1 
1 Recall 
1 
f 
! 
1 
2 1 
1 1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
1 
. 50 
. 05 
.05 
.00 1 
. 10 1 
.10 1 
1 
.05 1 
. 15 1 
.05 1 
.03 1 
.04 1 
.04 1 
.00 
.05 
.15 
1 
1 
1 
1 
.05 
.05 
.05 
. 10 
.00 
.05 
List 
I 
1 
1 Recall 
1 
q 1 
" \ 
1 
1 1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 ; 
1 
. 10 
. 00 
. 10 
.00 1 
. 15 1 
.05 1 
1 
1 
.00 1 
.00 1 
.10 1 
1 
.03 1 
.03 1 
.03 1 
. 1.. 
.00 
. 10 
.20 
1 
1 
1 
1 
.15 
. 15 
. 15 
.35 
. 20 
.00 
1 
1 Recall 
1 
1 
1 
2 1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
. 25 
. 10 
. 00 
.00 1 
.15 1 
.15 1 
.00 J 
.05 1 
. 10 1 
.04 1 
.04 1 
.04 1 
. 05 
.10 
.00 
' 
1 
1 
1 
. 00 
.05 
. 05 
.00 
.00 
.10 
Table 9 (Continued) 
i I I I av. I I I 
Input Serial Position | 1 | 2 | 3 | 4-15| 16 | 17 | 18 
1 1 j 1 1 1 1 
I I Output Word 1 I .15 I .00 I .05 | .03 | .05 | .30 | .15 
I Recall 1 I Output Word 2 | .05 | .10 | .05 | .01 | .10 | .35 | .20 
I I Output Word 3 I .00 j .10 | .00 | .04 | .00 | .05 | .35 
List 10 I h 4 1- 4 4 4— 1-
I I Output Word 1 I .35 | .10 | .10 | .02 | .10 | .10 | .00 
I Recall 2 | Output Word 2 | .10 | .30 | .05 | .03 | .05 | .05 | .05 
I I Output Word 3 | .05 | .00 | .00 | .07 | .00 | .00 | .05 
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Table 10. Input serial position for the first three words recalled at all 
list lengths, blocked and random list length presentation. 
I I I I av. I I I 
Input Serial Position j 1 1 2 ) 3 | 4-5 | 6 | 7 | 8 
1- -} ^ 4 4 4 4 
I I Output Word 1 I .36 | .02 | .05 | .07 | .09 | .14 | .19 
I Blocked I Output Word 2 | .04 | .27 | .07 | .06 | .16 j .17 ( .14 
8-Word I I Output Word 3 J .09 \ .06 | .23 j .10 | .12 | .14 | .12 
Lists I 4 4 4 H h 1 4- 1-
I I Output Word 1 I .28 I .03 | .02 | .03 | .12 | .17 | .32 
I Random | Output Word 2 | .07 | .22 | .06 | .07 | .11 | .22 | .17 
1 I Output Word 3 1 .08 | .13 j .15 \ .12 | .13 \ .11 | .12 
^ ^ 1. _4 4 4 4-
I I I I av. I I I 
Input Serial Position | 1 | 2 | 3 | 4-9 | 10 | 11 I 12 
I I Output Word 1 I .11 1 .01 1 .01 I .05 j .09 | .27 | .21 
I Blocked I Output Word 2 | .03 | .06 | .02 ( .04 j .14 | .21 | .27 
12-Word I I Output Word 3 | .07 | .04 | .07 | .07 | .12 | .13 | .12 
Lists I 4- 4- 1- 4 4  ^ 4 4 
I I Output Word 1 I .13 I .02 | .01 | .02 | .08 | .18 | .39 
I Random | Output Word 2 | .04 | .09 | .03 | .03 j .13 | .31 | .19 
I I Output Word 3 I .09 I .03 | .05 | .07 | .13 | .09 | .12 
Table 10 (Continued) 
Input Serial Position 
1 
1 1 
1 
1 
1 
2 
1 
1 
1 
3 
av. 1 
4-13 1 
1 
14 1 15 
1 
1 
1 
16 
1 
1 Blocked 
16-Word 1 
1 
1 
1 
-i— 
Output 
Output 
Output 
Word 
Word 
Word 
• I 
1 1 
2 i 
3 1 
1 
. 11 
.02 
. 07 
1 
1 
1 
1 
1 
. 00 
.07 
.02 
1 
1 
1 
1 1 
.00 
.02 
. 05 
.02 1 
.02 1 
.04 1 
1 
.|6 
.16 
. 11 
1 .17 
1 .32 
1 . 15 
1 
1 
1 
1 
. 32 
.18 
. 18 
1 
1 Random 
1 
1 
1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
1 
.06 
. 03 
. 07 
I 
1 
1 
1 
1 
.01 
. 04 
.04 
1 
1 
1 
1 1 
.02 
.01 
.02 
.02 1 
.02 1 
.05 1 
. 12 
.15 
. 11 
1 .27 
1 .26 
1 . 13 
1 
1 
1 
1 
1 
1 
.36 
.25 
.12 
Input Serial Position 
1 
1 
1 
1 
1 
1 
1 
1 1 
2 
1 
1 
1 3 
av. 1 
4-171 
1 
18 1 19 20 
1 
1 Blocked 
20-Word 1 
1 
1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
1 
. 06 
.01 
. 06 
1 
1 
1 
1 
1 
.01 
.04 
.02 
1 
1 
1 
t 
.01 
.01 
. 03 
1 
.02 1 
.02 1 
.03 1 
1 
.12 
. 12 
.13 
1 .32 
1 .21 
1 .12 
1 
1 
! 
1 
.21 
.31 
.16 
1 
1 Random 
1 
1 
1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
1 
.05 
. 03 
.02 
1 
1 
1 
1 
1 
.02 
.03 
.02 
1 
1 
1 
1 
1 
.00 
.02 
. 05 
.01 1 
.02 1 
.04 1 
1 
. 15 
.12 
. 14 
1 .26 
1 .33 
1 .06 
1 
1 
1 
.36 
.23 
.17 
Input Serial Position 
1 
1 
1 
1 
1 
1 
1 
1 2 
1 
i 
1 3 
1 
av. 1 
4-211 
1 
22 1 23 
1 
1 24 
1 
1 Blocked 
24-Word 1 
1 
I 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
. 03 
.03 
.04 
1 
1 
1 
.02 
, 04 
.01 
1 
1 
1 
.01 
.01 
.03 
.02 1 
.02 1 
.03 1 
1 
.13 
. 19 
.09 
1 .19 
1 .23 
1 . 14 
1 
1 
1 
.27 
.21 
. 15 
1 
1 Random 
1 
1 
1 
1 
1 
Output 
Output 
Output 
Word 
Word 
Word 
1 
1 1 
2 1 
3 1 
.06 
.03 
. 06 
1 
1 
1 
.01 
.04 
.03 
1 
1 
1 
.01 
. 01 
.02 
.01 I 
.02 1 
.03 1 
.11 
.17 
.08 
1 .23 
1 .20 
1 . 11 
1 
1 
1 
.32 
.23 
.12 
84 
APPENDIX C 
Table 11. Input serial position for the first three words recalled on test 
and standard list lengths. 
1 av. 1 1 1 
Input Serial Position 1 2 1 
1 
3 4-131 
1 
14 1 
1 
15 1 
1 
16 
Standard 1 Output Word 1 . 13 .00 1 .00 .03 1 .22 1 . 16 1 .16 
("Pre-20") 1 Output Word 2 . 00 .07 1 .04 .03 1 .09 1 .24 1 . 18 
16-Word List 1 Output Word 3 . GO .04 1 . 04 .03 1 . 18 1 
1 
. 04 1 
1 
.24 
. 
1 
1 
av. 1 
1 
1 
1 
1 
Input Serial Position 1 2 1 
1 
3 
,<.-5 1 6 1 
1 
7 1 
1 
8 
1 Output Word 1 . 13 .07 { .07 .04 1 . 16 1 .22 1 .27 
Test 8-Word List 1 Output Word 2 . 13 .07 1 .13 .03 1 .13 1 .29 1 .13 
1 Output Word 3 .00 .11 { 
1 
. 16 .08 1 
1 
. 16 1 
I 
.11 1 
1 
.24 
1 
1 
1 
av. 1 
1 
1 
1 
1 
Input Serial Position 1 2 1 
1 
3 4-9 1 
1 
10 1 
1 
11 1 12 
1 Output Word 1 . 11 .04 1 .02 .03 1 . 18 1 .27 1 .16 
Test 12-Word List 1 Output Word 2 . 02 .04 1 .00 .04 1 .11 1 .24 1 .27 
1 Output Word 3 . 16 .00 1 .07 .06 1 .11 1 .13 1 .13 
Table 11 (Continued) 
Input Serial Position 1 2 3 
av. 1 
4-171 
1 
18 19 20 
Test 20-Word 
1 Output 
List 1 Output 
1 Output 
Word 
Word 
Word 
1 
2 
3 
. 00 
.04 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.02 1 
.02 i 
.03 1 
1 
.24 
. 16 
.02 
. 18 
.31 
.13 
,27 
.22 
. 22 
Input Serial Position 1 2 3 
1 
av. 1 
4-211 
1 
22 23 24 
Test 24-Word 
1 Output 
List 1 Output 
1 Output 
Word 
Word 
Word 
1 
2 
3 
.07 
.02 
-02 
.02 
.07 
.00 
. 00 
. 02 
.07 
.01 1 
.02 1 
.02 i 
.13 
.18 
. 16 
. 16 
.20 
.18 
.29 
. 18 
.16 
